Effects of film thickness on interfacial barrier have been studied for the La 0.67 Ca 0.33 MnO 3 / SrTiO 3 : Nb and La 0.67 Sr 0.33 MnO 3 / SrTiO 3 : Nb junctions. In addition to the evolution of the transport behavior from electron tunneling to thermionic emission, increase in film thickness from ϳ5 to ϳ50 nm causes a significant growth of interfacial barrier as revealed by photoresponse experiments, and the maximum change in interfacial barrier is ϳ13% for La 0.67 and temperature/magnetic field-dependent photovoltaic effect. 4 In the scenario of the buildup of interfacial potential, due to the different Fermi energies of manganites and, for example, SrTiO 3 : Nb, which constructs the most intensively studied Schottky junctions, and the variation of this potential under external disturbances, these behaviors can be understood qualitatively.
Manganite junctions have received significant attention in recent years because of their attractive properties. In addition to rectifying, 1,2 they own a lot of extraordinary properties such as strongly bias-dependent magnetoresistance 2, 3 and temperature/magnetic field-dependent photovoltaic effect. 4 In the scenario of the buildup of interfacial potential, due to the different Fermi energies of manganites and, for example, SrTiO 3 : Nb, which constructs the most intensively studied Schottky junctions, and the variation of this potential under external disturbances, these behaviors can be understood qualitatively.
We found that the junctions previously investigated are constructed by manganite films thicker than 100 nm. However, the important artificial materials, which are expected to be the focus of future study, are usually composed of layers several nanometers in thickness, a scale required to activate interlayer coupling. Furthermore, the interface/size effect, which emerges and develops as film thickness ͑t͒ decreases, has its special meanings as far as manganites being concerned. As well known, a distinctive feature of the manganite is the strong coupling between spin/charge/orbital degrees of freedom and lattice strains. 5 The crucial role of the latter has been experimentally demonstrated. For example, latticestrain-modulated spin/orbital ordering has been observed in the La 1−x Sr x MnO 3 films; 6 it is also found that a great anisotropic conduction can be realized simply by tuning lattice strains. 7 However, to what degree the rectifying property of the junction retains as film thickness decreases and what is the effect of surface/interface and lattice strain have not been addressed. These are important issues noting the general tendency for the electronic devices/materials toward nanometer scales. The thorough knowledge in this regard will benefit not only to the understanding of the diverse behaviors of the heterostructure/junction but also to the designing of artificial materials. Based on these considerations, in this letter we will perform a systematic study of the effect of film thickness on manganite junctions. Special attention has been paid to the variation in the Schottky barrier with film thickness. Photovoltaic technique has been used here to avoid the difficulties encountered by the analyses of the current ͑I͒-voltage ͑V͒ and capacitance-voltage relations, especially for ultrathin films, for which electron tunneling prevails. A strong dependence of interfacial barrier on film thickness is observed; the former grows significantly with the latter. The tensile strain in the films is further proven to be the key factor affecting interfacial barrier.
Manganite junction was fabricated by growing a manganite film on the 0.05 wt % Nb-doped SrTiO 3 substrate ͑STON͒ using the pulsed laser ablation technique. The substrate temperature was kept at 720°C, and the oxygen pressure was kept at 80 Pa during the deposition. The film thickness was controlled by deposition time. Two series junctions, composed of the La 0.67 Ca 0.33 MnO 3 ͑LCMO͒ films with t = 5 -300 nm and the La 0.67 Sr 0.33 MnO 3 ͑LSMO͒ films with t = 5 -200 nm, respectively, have been prepared.
The junction area is 1 ϫ 1 mm 2 , patterned by the conventional photolithographic and chemical etching technique. Two Cu electrodes were deposited, respectively, on the manganite film and the STON substrate. The electric contacts are Ohmic with the contact resistance of ϳ15 ⍀ between Cu and STON and ϳ200 ⍀ between Cu and LCMO and LSMO at the ambient temperature. The current-voltage characteristics were measured by a superconducting quantum interference device magnetometer equipped with a resistance measurement unit. The bias voltage that drives the current from LCMO͑LSMO͒ to STON is defined as positive.
The crystal structure of the manganite film was analyzed by the x-ray diffraction technique. The lattice parameter c ͑out-of-plane͒ of the LCMO films is present in Fig. 1͑a͒ as a function of film thickness. 8 It exhibits a rapid growth from ϳ0.3777 to ϳ0.3805 nm as t increases from ϳ0 to ϳ80 nm. The data for t → 0 were obtained based on the submerged by those of the substrate. As an alternative, the lattice constants of La 0.7 Sr 0.3 MnO 3 / SrTiO 3 , which may share the common features of the LSMO films, are extracted from the literature and presented in Fig. 1͑b͒ . 9, 10 Similar behavior to that of LCMO/ SrTiO 3 is observed.
All of the junctions exhibit excellent rectifying behaviors even the ones composed of ultrathin films ͑Fig. 2͒. A further analysis reveals a systematic variation in the I-V relations with film thickness. As shown in the inset plot in Fig.  2͑b͒ , the log I-V slope is independent of temperature, when film thickness is 10 nm, or increases with reciprocal temperature, when film thickness is 80 nm. These features are observed in both the LSMO/STON and the LCMO/STON ͑not shown here͒ junctions and indicate an evolution of electronic process with film thickness. According to the semiconductor theory, parallel log I-V curves suggest the prevalence of electron tunneling in the junctions, 11 while the reciprocal temperature dependence signifies a thermionic emission process. 12 It is obvious that interfacial potential is the key factor affecting the physical properties of the junctions. The thorough knowledge about it is therefore highly desired, especially for the junctions comprised by the materials that exhibit the characters of strong electron correlation and spin, charge, and orbital coupling. Because of the deviation of the I-V relations from the thermionic emission, the interfacial barrier in the junctions composed by ultrathin films ͑tens of unit cells in thickness͒ has not been studied before. As is well known, electrons in the LSMO/LCMO electrode can be excited by a light with the energy of h ͑ is light frequency͒, and the hot electrons can penetrate through the junction region under the driving of the built-in electric field when the condition ⌽ B Յ h Յ E g is satisfied, yielding a photocurrent across the junction, where ⌽ B is the Schottky barrier and E g Ϸ 3.2 eV, is the band gap of SrTiO 3 . According to Fowler, 13 there is a simple relation between photoresponse ͑photocurrent per photon, R͒ and photon energy R ϰ ͑h
Based on this relation the interfacial barrier can be experimentally determined. This is an approach that avoids the difficulty to deduce ⌽ B from the I-V characteristics that deviate from the thermionic emission process.
The laser with the wavelength between 450 and 1000 nm was used in the present experiments. The spot size of the incident light is ϳ1 mm in diameter. Photocurrent is measured by a Keithley SourceMeter 2601. As a representative, in Fig. 3 we show the photocurrent measured under the lights of 635 and 780 nm for the junctions with t = 10 and 80 nm. Two distinctive features can be identified. At first, for an identical junction, the light with a shorter wavelength yields a stronger photoresponse. For example, photocurrents are ϳ19.5 and ϳ3.8 nA for the wavelengths of 635 and 780 nm ͑light power= 140 W͒, respectively, for sample LCMO͑10 nm͒/STON. Second, photocurrent weakens while film thick- The distinctive dependence of the interfacial potential on film thickness reminds us of lattice constant. It is fascinating that ⌽ B and c exhibit similar behaviors against t, as demonstrated by the data in Figs. 1 and 5. The two quantities display a synchronic variation; the former alters only when the latter does. These results imply a strong correlation between ⌽ B and c. A direct analysis reveals a simple relation between ⌽ B and c: the former grows linearly with the increase of the latter at the rate of ϳ60.2 eV/ nm ͑LCMO/ASTON͒ or ϳ82.1 eV/ nm ͑LSMO/STON͒ ͓inset plot in Fig. 5͑a͔͒ . Noting the fact that the development of the out-of-plane lattice constant is a signature of in-plane lattice relaxation, this result actually suggests the presence of a close relation between lattice strain and interfacial barrier.
The variation in ⌽ B with t conflicts with our knowledge that the Schottky barrier is solely determined by interfacial layers. There are two possible reasons for the strain dependence of the interfacial barrier. The first one is the straininduced localization of charge carriers. As well established, tensile lattice strains could cause Jahn-Teller-like lattice distortions and high density of defects.
14 Both will enhance the carrier trapping in the films, thus the reduction in ⌽ B . The second one is the variation in the electronic state of manganites due to the preferred occupancy of particular orbital when lattice strains exist. It has recently been reported that electrons prefer to occupy the d x 2 −y 2 orbital in the LSMO films grown on the SrTiO 3 substrates. 6 Although it is still not clear how and to what extent this process will affect ⌽ B , its influence on ⌽ B is anticipated.
The significant reduction in interfacial barrier as film thickness decreases is a feature unaddressed before. It clearly reveals the difference between the interfacial states of the junctions respectively formed by thin and thick layers. This result could be important for the designing of artificial heterostructures. The present work also revealed the difference between the manganites and the conventional semiconductors. The strong coupling between spin/charge/orbital degrees of freedom and lattice strains assigns the manganites distinctive features that emerge only under special conditions. Further study that gives a direct mapping of the interfacial state in the junctions with different film thickness is required, which may be helpful for a thorough understanding of underlying physics.
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